INTRODUCTION
============

Microalbuminuria is a well-established risk factor for cardiovascular morbidity and mortality in individuals with cardiovascular risk factors such as diabetes mellitus or hypertension ([@B1]-[@B4]). It indicates underlying generalized vascular dysfunction ([@B5], [@B6]), and screening for microalbuminuria is recommended in patients with cardiovascular risk factors ([@B7], [@B8]). Furthermore, the results from Heart Outcomes Prevention Evaluation (HOPE) study have postulated that any degree of albuminuria is a risk factor for cardiovascular events, in both diabetic and non-diabetic patients, starting well below the known microalbuminuria cutoff, defined as urine albumin to creatinine ratio of 2 mg/mM or more ([@B9]). The significance of microalbuminuria in cardiovascular outcome has also been studied in apparently healthy population who are normotensive and without diabetes mellitus ([@B10]). Even in healthy patients, microalbuminuria has been suggested as a marker of cardiovascular risk, as it reflects earlier vascular damage in the kidneys and systemic endothelial dysfunction ([@B6], [@B11]). Although the pathophysiological basis of the association between microalbuminuria and cardiovascular disease still remains to be elucidated, microalbuminuria and atherosclerosis appear to have certain pathogenetic mechanisms in common.

Although much has been studied about clinical significance of microalbuminuria in predicting cardiovascular outcome, most of the studies targeted population with risk factors such as hypertension or diabetes mellitus, and less is known about the significance of microalbuminuria in relation to subclinical atherosclerosis, especially in asymptomatic patients without known cardiovascular risk factors.

In this study, we aimed to investigate the significance of microalbuminuria and its relationship with subclinical atherosclerosis in nonhypertensive and nondiabetic patients, by using coronary artery computed tomography (CT).

MATERIALS AND METHODS
=====================

Study population
----------------

The current study was performed retrospectively. A total of 2,456 asymptomatic patients who visited Seoul National University Hospital Healthcare System Gangnam Center between January 2006 and December 2010 for comprehensive medical examinations and had coronary artery CT and ratio of spot urine albumin to creatinine (UACR) were evaluated. The coronary CT was performed for screening purpose on patients\' demand. Past medical histories and current medications were derived from medical questionnaires, at the time of the medical examinations. The patients with known hypertension, diabetes mellitus or coronary artery disease were excluded. To exclude patients with decreased renal function, those with serum creatinine level of greater than 1.5 mg/dL or those with previously known chronic kidney disease were also excluded in the analysis. The patients with macroalbuminuria, defined by UACR of 200 mg/g or greater were excluded. In the final analysis, 1,318 patients were included.

Laboratory evaluation
---------------------

Spot determination of UACR was used for screening. Based on the previous results showing high diagnostic accuracy of spot UACR compared to 24-hr urine collection, spot UACR was used in the data analysis ([@B5], [@B12]-[@B14]). The presence of microalbuminuria was defined as UACR of greater than 20 and less than 200 mg/g ([@B9], [@B15]). Other biomarkers such as high sensitive C-reactive protein (hsCRP), homocysteine, insulin and fibrinogen were also evaluated. Insulin resistance was calculated using Homeostasis model assessment of insulin resistance (HOMA-IR) formula. Glomerular filtration rate was estimated using Modification of Diet in Renal Disease (MDRD) formula;

where SCr is serum creatinine.

Framingham risk score was derived from on-line National Cholesterol Education Program Adult Treatment Panel III (NCEP/ATP-III) guideline ([@B16]).

Computed tomography
-------------------

Coronary artery was scanned using a 16-row multi-slice CT scanner (Sensation 16, Siemens Medical Systems, Erlangen, Germany). After obtaining a topogram of the chest, a calcium score scan and angiography were performed using retrospective method with tube voltage of 120 kV, and 110 effective mAs with a 200 mm field of view. Data was reconstructed to 3-mm slice thickness at -400 ms acquisition window. Calcium score analysis was performed onsite using a dedicated workstation and analysis soft-ware using Wizard VB10B (Somaris/5 VB10B-W, SynGo, Siemens, Germany), and quantitative CACS were calculated according to the method described by Agatston et al.([@B17]) Coronary artery stenosis of 50% or more by CT was considered significant.

Among the study population, 748 patients who had abdominal CT were also evaluated for amount of intraperitoneal fat. The cross-sectional surface areas of abdominal fat compartments were measured by a software program (Rapidia 2.8; INFINITT, Seoul, Korea) with attenuation ranging from -250 to -50 Hounsfield units. The intraperitoneal fat area was defined as intraperitoneal part fat bound by the parietal peritoneum or transversalis fascia, excluding the vertebral column and paraspinal muscles.

Statistical analysis
--------------------

Data are expressed as mean ± standard deviation. For comparing continuous parameters in patients with microalbuminuria and without microalbuminuria, t-test was performed. Bivariate analyses were used for correlation analysis, and to determine the factors that predict significant coronary artery stenosis of 50% or more, multivariate analysis was performed using binary logistic regression analysis. For all statistical analyses, statistical software package (SPSS 17.0, SPSS Inc, Chicago, IL, USA) was used and a *P* value of less than 0.05 was considered statistically significant.

Ethics statement
----------------

The study protocol was reviewed and approved by the institutional review board of Seoul National University Hospital (IRB No.H-1104-087-359). Since the current study was performed as a retrospective study using the database and medical records, informed consent was waived by the board.

RESULTS
=======

The baseline characteristics of the study population are shown in [Table 1](#T1){ref-type="table"}. The mean age of the study population was 54 yr and 72.6% were males. The average systolic and diastolic blood pressures were 117 and 78 mmHg and mean low-density lipoprotein (LDL) cholesterol was 124 mg/dL. The prevalence of microalbuminuria was 7.9% in asymptomatic nonhypertensive and nondiabetic Korean patients. As shown in [Table 1](#T1){ref-type="table"}, 8.1% of the general Korean population had coronary artery calcification of greater than 100, and 10.6% of the apparently healthy patients had any coronary artery stenosis, defined as stenosis \> 0%.

Differences in patients with versus without microalbuminuria
------------------------------------------------------------

The characteristics of patients with and without microalbuminuria are shown in [Table 2](#T2){ref-type="table"}. Cardiovascular risk, assessed by Framingham risk score was not different in patients with and without microalbuminuria. The patients with microalbuminuria were older, and had higher fasting serum glucose. Total cholesterol and LDL-cholesterol levels were not significantly different in the two groups. Serum level of homocysteine was not significantly different. The renal function evaluated by MDRD GFR showed no difference according to the presence of microalbuminuria. The systolic and diastolic blood pressures were also higher in patients with microalbuminuria, but pulse pressure did not show significant difference. The atherosclerotic changes of coronary arteries were greater in patients with microalbuminuria, reflected by coronary artery calcium score and significant coronary artery stenosis (CACS ≥ 100 in 15.3% vs 7.6% and stenosis ≥ 50% in 11.5% vs 4.9% of patients with vs without microalbuminuria, *P* = 0.008 and *P* = 0.011, respectively, [Fig. 1](#F1){ref-type="fig"}).

Correlation of urine albumin to creatinine ratio with other parameters
----------------------------------------------------------------------

Using bivariate correlation analysis, correlation of UACR and other parameters were assessed. UACR showed significant correlation with age (r = 0.075, *P* = 0.006), BMI (r = 0.068, *P* = 0.015), waist circumference (r = 0.070, *P* = 0.011), serum fasting glucose (r = 0.087, *P* = 0.002), triglyceride (r = 0.066, *P* = 0.016), hsCRP (r = 0.120, *P* \< 0.001), fibrinogen (r = 0.095, *P* = 0.024), homocysteine (r = 0.095, *P* = 0.026), and insulin resistance (r = 0.072, *P* = 0.009). Total cholesterol, HDL-cholesterol and LDL-cholesterol levels did not show significant correlation with UACR (*P* = 0.276, 0.133 and 0.631 for total cholesterol, HDL-cholesterol and LDL-cholesterol). The parameters of renal function were not associated with degree of microalbuminuria (*P* = 0.081 for serum creatinine; *P* = 0.201 for MDRD GFR).

The systolic and diastolic blood pressures were both significantly correlated with increasing level of UACR (r = 0.087, *P* = 0.002 for systolic blood pressure, r = 0.091, *P* = 0.001 for diastolic blood pressure). When assessed as continuous variables, coronary artery calcium score did not show correlation with UACR (*P* = 0.130), but the degree of coronary artery stenosis correlated significantly with increasing UACR (r = 0.076, *P* = 0.006).

Factors determining significant coronary artery stenosis
--------------------------------------------------------

Multivariate analysis was performed to find the factors that determine coronary artery stenosis of 50% or more. Age, sex, serum fasting glucose, total cholesterol, LDL-cholesterol, systolic and diastolic blood pressure, pulse pressure, presence of microalbuminuria, Framingham risk score, amount of intraperitoneal fat, MDRD GFR and HOMA-IR were included in the multivariate analysis ([Table 3](#T3){ref-type="table"}). Among these parameters, age (OR, 1.088; 95% CI, 1.032-1.146, *P*=0.002), Framingham risk score (OR, 1.090; 95% CI, 1.028-1.155, *P*=0.004) and presence of microalbuminuria (OR, 3.397; 95% CI, 1.138-10.140, *P*=0.028) showed significant relationship with coronary artery stenosis ≥50%. The presence of microalbuminuria showed strongest relationship with coronary artery stenosis ≥50% from CT.

DISCUSSION
==========

The key finding of our study is that microalbuminuria detected by UACR is associated with coronary atherosclerosis, detected by coronary artery CT, in nonhypertensive, nondiabetic subjects. Not only greater coronary artery calcification, but more patients with significant coronary artery stenosis were found in asymptomatic patients with microalbuminuria.

Although the significance of microalbuminuria had been studied in depth in various populations, most of the studies focused on its value as a prognostic marker of cardiovascular events ([@B2], [@B9], [@B10]). Multi-ethnic study of atherosclerosis (MESA) study has shown coronary atherosclerosis in relation with various renal functions and biomarkers associated with chronic kidney disease, and has reported that patients with microalbuminuria are at increased risk of greater coronary artery calcification progression at follow up ([@B18]). Another substudy from MESA study also showed that microalbuminuria is an independent risk factor for incident chronic kidney disease and thus could be useful as a screening tool to identify patients at risk ([@B19]). However, the diagnostic value of microalbuminuria in relation to coronary atherosclerosis in asymptomatic, apparently healthy individuals without hypertension or diabetes mellitus had not been studied, in comparison with degree of coronary artery stenosis detected by CT. From our results, we provide a considerable insight into the relationship of microalbuminuria and coronary artery disease, especially degree of stenosis detected by CT, in asymptomatic nonhypertensive and nondiabetic patients. Among various parameters that are known as a risk factor or possible biomarkers of coronary artery disease, age, Framingham risk score and presence of microalbuminuria were significantly related to significant coronary artery stenosis, among which the microalbuminuria showed strongest correlation, even after adjusting confounding factors.

Other known cardiovascular risk factors, such as degree of hyperglycemia ([@B1], [@B20]-[@B22]), blood pressure ([@B23]), hypercholesterolemia ([@B20]) and insulin resistance ([@B22]) are known to be associated with increasing level of UACR, which were also shown in our results. Although this study was a cross-sectional study, the strength of our study is that we provide degree of coronary artery stenosis and coronary calcium score measured using coronary artery CT, in association with UACR and other known cardiovascular risk factors and biomarker, in a large number of apparently healthy patients.

We have found significant correlations among hyperhomocysteinemia, insulin resistance, and microalbuminuria, which may be related to changes in glomerular albumin filtration and renal endothealial and mesangial cell functions ([@B24], [@B25]). Insulin resistance and accompanied hyperinsulinemia in patients without impaired insulin secretion capacity may also cause renal vasodilatation, increase plasma flow and glomerular hydrostatic pressure gradient ([@B26], [@B27]), which may be suggested as a mechanism of microalbuminuria in relation to insulin resistance ([@B22]).

This study, to our knowledge, is the first large-numbered study to evaluate atherosclerotic changes of coronary artery in asymptomatic patients, in association with microalbuminuria. It is easy and noninvasive to detect microalbuminuria, and may be used as one of the tools to evaluate risk of subclinical coronary atherosclerosis.

In conclusion, the present study demonstrates diagnostic significance of microalbuminuria in asymptomatic population with low cardiovascular risk. In apparently healthy subjects without hypertension or diabetes mellitus, the presence of low grade urinary albumin excretion is significantly associated with subclinical coronary artery disease. Thus, the clinical significance of microalbuminuria should not be neglected or under-estimated, even in low risk asymptomatic subjects.
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###### 

Baseline characteristics of the study population
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BMI, body mass index; DBP, diastolic blood pressure; GFR, glomerular fitration rate; HDL cholesterol, high-density lipoprotein cholesterol; hsCRP, high sensitivity C-reactive protein; LDL cholesterol, low-density lipoprotein cholesterol; MDRD, Modification of Diet in Renal Disease; SBP, systolic blood pressure; SD, standard deviation; UACR, urine albumin to creatinine ratio.
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Comparisons of clinical parameters in patients with and without microalbuminuria
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BMI, body mass index; DBP, diastolic blood pressure; GFR, glomerular fitration rate; HDL cholesterol, high-density lipoprotein cholesterol; HOMA-IR, Homeostasis model assessment of insulin resistance; hsCRP, high sensitivity C-reactive protein; IDMS, Isotope Dilution Mass Spectrometry; LDL cholesterol, low-density lipoprotein cholesterol; MDRD, Modification of Diet in Renal Disease; PAI-1, plasminogen activator inhibitor-1; PP, pulse pressure; SBP, systolic blood pressure.

###### 

Multiple regression analysis showing correlation with coronary artery stenosis of 50% or more^\*^
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^\*^adjusted variables: sex, fasting blood sugar level, total cholesterol, LDL cholesterol, systolic and diastolic blood pressure, pulse pressure, insulin resistance by Homeostasis model assessment of insulin resistance (HOMA-IR), intraperitoneal fat, glomerular filtration rate by Modification of Diet in Renal Disease (MDRD) formula.
